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Method and device for navigation of a surgical tool

FIELD OF THE INVENTION

The invention relates to a method and device for navigation of a tool to be used in

a surgical intervention for treating a target region within the body of a patient.

TECHNICAL BACKGROUND

Conventional surgical interventions performed in interventional radiology, without

any navigation system, consist in introducing a tool, such as a needle or equivalent, in the

body of the patient. The interventional radiologist uses an imaging system, most likely a

Computed Tomography Scan (CT-Scan) or a Magnetic Resonance Imaging system

(MRI), to see the organs of the patient and choose the target for the tip and trajectory of

the needle.

In order to help the interventional radiologist to reach the target, a navigation

system is necessary. Such systems have been developed for neurosurgical interventions

for example. Those systems use a localizing system, also called tracking system, based

on optical, electromagnetic, radiofrequency, acoustic (sonar) or mechanical technology.

The objective of the localizing system is to give the spatial position and orientation in real

time of one or more trackers. The tracker position and orientation is given relatively to the

localizing system itself or relatively to another tracker.

An example of such localizing system is based on the electromagnetic technology.

More precisely the localizing system comprises an emitter which emits a magnetic field

generated by coils, and a tracker operating as a receiver which measures the magnetic

field around itself when positioned in the emitted magnetic field. Those measures are sent

to a computer system that calculates the position and orientation between the emitter and

the trackers (receivers). Those magnetic systems are very ergonomics and easy to use

because no direct visualization is required, such that some obstacles may be positioned

between the emitter and the tracker (a hand, a surgical drape for example) without any

impact on the accuracy of the measurement. One of those magnetic systems is for

instance the Aurora device produced by Northern Digital Inc. (Waterloo, Ontario, Canada)

or the Patriot device produce by Pohemus Inc. (Colchester, Vermont, USA). However, the

measurement precision is better when the distance between magnetic emitter and

magnetic tracker is as small as possible.

Some navigation systems using magnetic localizer technology have been

developed and used to track the tip of needles in CT images, during an intervention

performed inside the CT room directly. One of those systems is for instance the device

produced by Traxtall (Ontario, Canada). However, those systems have two major



drawbacks. First, they are not always accurate, particularly when the distance between

the tip of the needle and the magnetic emitter is not small compared to the distance

between the tip of the needle and the metallic table that generates artefacts. Inaccuracy

can reach more than 5 millimetres which is not acceptable. Further, the existing systems

are complex to use and need user interaction.

The object of the present invention is to provide a method and device for

navigating a tool which solve at least one of the drawbacks mentioned above.

In particular, an object of the invention is to provide a method and device for

navigating a tool which is very precise, and at the same time enable the practitioner to

intervene quickly on the patient.

Another object of the invention is to provide a method and device for navigating a

tool which may be fully automatically operated, without requiring any particular action from

the practitioner.

SUMMARY OF THE INVENTION

In order to attain the above-mentioned object, the invention proposes a method

and a device for navigation of a tool as defined in the claims.

In particular, there is provided a method of navigation of a tool to be used in a

surgical intervention for treating a target region within the body of a patient, characterised

in that it comprises the following steps for preparing the navigation:

Detecting the image position of a first reference marker disposed on the body of

the patient by an image system, and detecting the spatial position of said first

reference marker by a localizing system,

Calculating a first transform matrix between the image coordinate system of the

imaging system and the spatial coordinate system associated with the first

reference marker by using detected image and spatial positions of the first

reference, in order to register data of the localizing system and imaging system

together,

Detecting the spatial position of a pointer by the localizing system,

- Constructing and displaying a navigation image, wherein a representation of the

spatial position of the pointer is displayed on image data from the imaging system

using the first transform matrix,

Detecting the image position and spatial position of a second reference marker

disposed under sterile conditions on the body of the patient in the vicinity of an

entry point, said entry point being determined by using the representation of the

pointer in the navigation image and corresponding to a point through which the tool

should be inserted for reaching the target region,



Calculating a second transform matrix between the image coordinate system of

the imaging system and the spatial coordinate system associated with the second

reference marker by using detected image and spatial positions of the second

reference, in order to register data of the localizing system and imaging system

together.

Alternatively, the method of navigation of a tool to be used in a surgical operation

for treating a target region within the body of a patient is characterised in that it comprises

the following steps for preparing the navigation:

- Disposing a first reference marker on the body of the patient,

Detecting the image position of said first reference marker by an image system,

and detecting the spatial position of said first reference marker by a localizing

system,

Calculating a first transform matrix between the image coordinate system of the

imaging system and the spatial coordinate system associated with the first

reference marker by using detected image and spatial positions of the first

reference, in order to register data of the localizing and imaging systems together,

Detecting the spatial position of a pointer by the localizing system,

Constructing and displaying a navigation image, wherein a representation of the

spatial position of the pointer is displayed on image data from the imaging system

using the first transform matrix,

Determining an entry point through which the tool should be inserted for reaching

the target region by using the representation of the pointer in the navigation image,

Disposing a second reference marker under sterile conditions on the body of the

patient in the vicinity of the entry point,

Detecting the image position and spatial position of said second reference marker,

Calculating a second transform matrix between the image coordinate system of

the imaging system and the spatial coordinate system associated with the second

reference marker by using detected image and spatial positions of the second

reference, in order to register data of the localizing and imaging systems together.

This navigation method is therefore very advantageous as it enables performing

navigation of a tool by using a second reference marker which is positioned very near

from the entry point through which the tool (e.g. needle) is to be inserted for reaching the

target region. Therefore this enables minimizing the distance between a magnetic emitter,

preferably placed in the second reference marker, and the magnetic tracker placed in the

tool, and thus enhances the measurement precision, in particular because it reduces the



effect of the artefacts generated by metallic elements in the room, such as the metallic

table.

Such method further enables disposing the second marker under sterile

conditions, and at the same time very near from the entry point.

Preferred but not limiting aspects of these navigation methods are the following:

The method further comprises the step of imaging a zone of the body of the patient

with the imaging system to get image data of the zone, said zone including the

entry point.

- The method further comprises the step of searching for the presence of the first

and second reference markers on the image data of the imaged zone, and

• in case the second reference marker is present on the image data of the

imaged zone, then constructing a navigation image wherein registration

of the data of the localizing systems together with image data of the

imaged zone is performed by using the second transform matrix,

• in case the first reference marker is present on the image data of the

imaged zone whereas the second reference marker is not present, then

constructing a navigation image wherein registration of the data of the

localizing systems together with image data of the imaged zone is

performed by using the first transform matrix.

The method further comprises the steps of searching for the presence of the tool

with the localizing system, and in case the tool is present,

• determining the spatial position of the tool, and

• constructing and displaying a navigation image, wherein a representation

of the spatial position of the tool is displayed on the image data from the

imaged zone.

In case the tool is present, it further comprises the step of searching for the

presence of the pointer with the localizing system, and in case the pointer is

present,

• determining the spatial position of the pointer, and

• constructing and displaying a navigation image, wherein a representation

of the spatial position of the tool is displayed on the image data from the

imaged zone.

- The method comprises correcting the navigation data, said correction comprising

the steps of:

• searching for the presence of linear shapes on the image data of the

imaged zone,



• selecting the linear shape having the nearest position from the position of

the tool on the navigation image,

• compute a correction matrix to make the position of the tool on the

navigation image correspond to the position of the selected linear shape,

and

• apply said correction matrix to the construction of further navigation

images.

- The step of imaging a zone of the body of the patient is regularly and automatically

performed, and wherein the subsequent steps are performed using the last image

data of the imaged zone.

The localizing system is based on magnetic detection, and the imaging system is

based on X-ray detection.

According to another aspect of the invention, here is provided a navigation device

erforming the above method of navigation characterised in that it comprises:

an imaging system for providing image data relative to the patient,

a localizing system for providing spatial data,

a computer system for processing the image data and spatial data from the

imaging system and localizing system respectively,

- at least a first reference marker and a second reference marker adapted to be

detected by both the imaging and localizing systems, wherein the second

reference marker is sterile.

Preferred but not limiting aspects of this navigation device are the following:

- The localizing system is a magnetic tracking system.

Each of the reference markers comprises:

• a magnetic element having at least two coils arranged in a manner to

define at least two vectors in the coordinate system of the magnetic

tracking system;

• a geometric element comprising components visible on image data of the

imaging system and having a unique geometry detectable by the imaging

system.

The reference markers comprise magnetic elements having coils arranged in a

different manner, and geometric elements having components of different shapes

and/or arranged in a different manner.

- The magnetic tracking system comprises at least an emitter for emitting an

electromagnetic field.



The emitter is the magnetic element of the first reference marker and/ or the

magnetic element of the second reference marker.

The device further comprises tracking elements adapted to be arranged on the

pointer and/or on the tool to be used in the surgical operation for treating the target

region within the body of a patient, such tracking elements being adapted to be

detected by the tracking system.

The tracking elements are connected to the pointer and/or the tool with a

connecting device, said connecting device comprising means for fixing pointers

and/or tools of different diameters always along the same axis.

- The tracking elements are connected to the pointer and/or the tool with a

connecting device, said connecting device comprising clamping means for fixing

the pointer and/or the tool on said connecting device, said clamping means being

adapted for allowing the pointer and/or the tool to slide relative to the connecting

device on application of a pressure on said clamping means.

- The imaging system is a Computed Tomography (CT) imaging system.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the invention will become clear from the

following description which is only given for illustrative purposes and is in no way limitative

and should be read with reference to the attached drawings on which:

Figure 1 is a representation of a marker usable with the navigation method and

device of the invention;

Figure 2 is a representation of a step of preparation in the navigation method of

the invention;

- Figure 3 is a representation of a further step of preparation in the navigation

method of the invention;

Figure 4 is a representation of a step of navigation of the tool in the navigation

method of the invention;

Figure 5 is a diagram representation of the operation of the navigation method

according to a first embodiment;

Figure 6 is a diagram representation of the operation of the navigation method

according to a second embodiment.

Figure 7 is a representation of a connecting device for fixing a tracker on a surgical

instrument;

- Figure 8 is an illustration of the operation of the surgical instrument with a tracker

fixed with the connecting device of figure 7 ;

Figure 9 is a further illustration of the operation of the surgical instrument with a

tracker fixed with the connecting device of figure 7 ;



Figure 10 is an illustration of the operation of the surgical instrument with a tracker

fixed with another embodiment of the connecting device;

Figure 11 is a representation of another embodiment of a marker;

Figure 12 is a representation of still another embodiment of a marker;

- Figure 13 is a representation of a method of correction of the navigation method

according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The navigation method and device of the invention are described hereafter with

reference to a Computer Tomography (CT) imaging system based on X-rays, and a

magnetic localizing system. The principle of the invention may however be used in any

systems, such as imaging systems based on X-ray, magnetic resonance imaging or

ultrasound imaging.

Navigation systems based on magnetic technology generally comprise a magnetic

emitter box which is positioned close to the patient. A reference marker operating as a

tracker or receiver is fixed to the skin of the patient. This reference tracker is made of one

or several coils to be detected by the magnetic localizing system, and further comprises a

geometric element easily visible on images from the imaging system. To be easily visible

on the images of the imaging system, such geometric elements are usually made of

specific materials and the geometry can be, for example, small spheres, metallic thread,

solid or open cylinders, or asymmetrical curvilinear shapes.

The geometric elements are thus detected in images from the imaging system

and used to register the surgical world with images of the patient. Consequently, the

reference marker enables defining a common referential system in being detected by both

the imaging and localizing systems, so that data of the localizing and imaging systems

may be registered together.

Then, a magnetic tracker may be fixed on the tool to navigate, such that the

magnetic localizing system computes the position of the tool, on which a magnetic tracker

is fixed, relatively to the reference tracker on the skin of the patient, and then the

registration correlates the reference tracker on the skin of the patient with images from the

imaging system.

As a result, the position of the surgical tool can be correlated to the images of the

patient, allowing the system to virtually display the surgical instrument in the images of the

patient. Indeed, the registration enables constructing and displaying a navigation image,

wherein a representation of the spatial position of the tool is displayed on image data from

the imaging system using the referential system defined by the reference marker.

As already mentioned, minimising the distance between magnetic emitter and

magnetic tracker is an important issue for accuracy of the spatial position data from the



localizing system. The problem is that, in case the reference tracker has been fixed on the

skin of the patient far from the instrument position, that is far from the entry point through

which the instrument is to be inserted, then it is necessary to change the position of the

reference tracker fixed on the skin of the patient and restart the imaging process if the

practitioner does not want to navigate the tool with a navigation device based on potential

inaccurate measurements. Further, positioning or repositioning of the reference marker

near the entry point is not always easy as it should be made under sterile conditions,

which is usually not the case before imaging the patient.

The challenge is thus to use a navigation system based on magnetic technology

while keeping a maximum of precision and respecting the usual sterilization process.

The complete navigation procedure should also be faster than conventional

navigation methods, so the system is very simple to use.

Preferably, the reference marker is used for providing a hybrid referential system

in the surgical world. It should be noted that the terms "reference marker" or "hybrid

referential system" may be used indifferently in the rest of the description. The reference

marker is used for calculating a registration transform matrix between spatial data of the

localization system and image data of the imaging system.

The reference marker is preferably a device having a fixed and known geometry

known by calibration that includes two components: first, a magnetic tracker that is

identified in a unique manner by the localization system and second, a geometric tracker

visible on CT images and having a unique geometry.

Figure 1 illustrates an embodiment of such a reference marker 4 comprising a

magnetic tracker 3 , a geometric tracker 2 , and an element 1 for fixing the reference

marker on the skin of the patient.

The magnetic tracker can be an emitter with at least two coils or a receiver with at

least two coils in order to define at least two vectors which define a coordinate system in

three dimensions.

The geometric tracker is for example made of two or three hollow aluminium tubes

with inner diameter of 1 mm and outer diameter of 2.5 mm, with those tubes being

arranged such that they make specific and unique known angles between them. Those

angles will be three or more specific values for a first hybrid referential system R 1 , and

three or more different values for a second hybrid referential system R2 as will be

explained after.

In this case, the computer system may comprise a software programmed for

searching for linear tubes in a volume of CT images. Usually, each voxel of the volume is

compared to a threshold value in Hounsfield units that corresponds to the value of density

expected for tubes. Voxels having the desired value of the tube material plus or minus a



predefined noise range are stacked. Then, a variety of image processing algorithms can

be used to detect a linear tube in the stack of voxels. Linear tubes having too small or too

long length are discarded. Linear tubes having too small or too large diameters are

discarded. Then tubes are compared by pairs and the ones having an angle in the list of

searched values are stored. If three tubes have three pairs of angles corresponding to

one of the searched reference marker hybrid referential system, the corresponding

reference marker is assumed to be detected. From this detection, it is then possible to use

a standard least squares algorithm in order to compute the transform matrix between the

CT image coordinate system and the hybrid referential coordinate system, that is the

coordinate system associated to the reference marker, so that the coordinates of the

tubes in the hybrid referential system transformed by this matrix match with the coordinate

of the tubes detected in the CT image coordinate system. The same principle can be

applied if the three or more tubes are replaced by three or preferably four spheres made

of metallic balls with diameter ranging from 1 to 5 mm, or by one distorted ellipse made of

a metallic thin wire inserted into a plastic housing having a distorted elliptic shape acting

as a cast. Many other shapes and material can be used to create a geometric tracker.

In general, reference tubes are made of high density materials such as aluminium

for example and a simple thresholding operation on CT images makes the tube detection

very easy. All pixels or voxels of images having values superior to the threshold are

candidate to be a tube and those candidates are aggregated and the shapes of

aggregated voxels or pixels is compared to predefined shape factors such as size, length

etc. However, in radiology and computer tomography in particular, it is preferable to avoid

introducing high density objects since they may corrupt the quality of the reconstructed

images. In particular, the quality of the images can be affected simply by the presence of

high density objects that capture the attention of the radiologist since they generate bright

spots on the images. Usually this is neglected but there is no proof that this cannot affect

the decisions taken from images and therefore a potential risk is introduced.

In order to avoid the presence of high density materials to constitute the tubes, the

tubes may be simply made of materials having a specific density N 1 for the inner part of

the tube and a specific density N2 for the tube material itself. N 1 and N2 correspond to

known Hounsfield values in the CT images that are low enough to reduce the risk of

artefacts and with enough difference between them to make them distinguishable in the

presence of noise. Those values can be easily calibrated for any material by performing a

test CT and simply noting the Hounsfield values for the corresponding pixels on the

images of the materials. In theory, one could use only one density value N 1 of a tube, but

by searching for two values N 1 and N2 in grey level images, the occurrence of false

positive detection (shapes having a density value and form factors values equal to

searched values) is reduced and reliability of the algorithm is reinforced. In a particular



embodiment, the value N 1 corresponds to high density plastic and the inner part N2 is

simply made of air. The software searches for tubes with an external part having a density

in Hounsfield values equal to the plastic material value and an internal part with a null

density (density of air in Hounsfield values). Such geometric tracker with hollow tubes or

twofold-densities N1-N2 can be used for patient registration in interventional radiology

when only one reference marker is used. This occurs when good a priori information is

known about the entry point of the needle such that the reference marker can be placed in

its vicinity at the beginning of the intervention. It offers the advantage of a robust and

automated detection without affecting image quality.

For all of these configurations of the geometric tracker, with solid tubes, hollow

tubes, or even twofold-densities tubes, the number of tubes that constitute the geometric

tracker is not limited. Thus, a well known N-shape arrangement of three tubes can be

used. Alternatively, as illustrated in figure 11 (the same sign references are used in this

figure to designate the same elements as those of figure 1) , four tubes can be arranged

(for instance hollow tubes in a plastic circular solid shape) to constitute four line segments

that are never parallel and such that at least three of them have at least 30° of angle with

respect to the longitudinal axis of the CT images, which is usually important since the

resolution is often lower along that direction than inside the image plane. On each

bidimensional CT image, at least three tubes will therefore generate an intersection with

the image plane that is easily and accurately detected. In another preferred embodiment

represented in figure 12 (the same sign references are used in this figure to designate the

same elements as those of figure 1) , which presents the advantage of being easy to

machine, eight tubes (for instance hollow tubes in a plastic circular solid shape) are

arranged spatially to constitute a star, all tubes intersecting roughly in the centre of the

star. Having several line segments reinforces the accuracy of the registration technique by

using well known least-squares methods for registration between lines.

As illustrated in figures 2 to 4 , the navigation device comprises a computer system

comprising a processing unit 8 and a display unit 9 . The navigation device further

comprises an imaging system 10, such as a CT-scan, and a localizing system that

includes a localizer control unit for emission and detection of magnetic field. The computer

system is preferably connected to the network in order to be able to receive DICOM

images from the CT workstation.

The overall operation of the navigation device is the following.

When a new session is launched, the computer system has a void stack of

images. When the radiologist pushes CT images from the CT workstation, the software

automatically detects those images using a well known DICOM communication protocol.

The new images are read and put in the current stack immediately without user



interaction. A volume is automatically reconstructed from the list of 2D images in order to

build a volume of homogeneous voxels, so called 3D image, using standard methods.

Then, without any user interaction, the software searches for a hybrid referential

system in the current 3D image that is a reference marker is searched.

Then navigation is enabled by using one of the detected reference markers

disposed on the body of the patient. Detection of the best candidate as an hybrid

referential system is made automatically by the computer system such that the navigation

method and device may be operated fully automatically which is a great advantage as the

practitioner does not have to worry about anything but to correctly insert the surgical

instrument within the body of the patient.

The first step of the navigation method of the invention is illustrated in figure 2 .

A first hybrid referential (R1 ) is fixed on the skin of the patient. This is reference

marker 4 as illustrated on figure 2 .

The hybrid referential system is positioned anywhere on the body of the patient,

provided it is located within the field of the imaging system. As such first reference marker

is disposed under non-sterile conditions, it is preferable not to place it in a zone of the skin

of the patient where it is probable to have the entry point (which should be under sterile

conditions during the surgical operation).

Two cases exist with regard to the first reference marker. Indeed, reference

marker R 1 may be a small magnetic emitter, such that any tracker (receiver) may be

localized with this emitter. In another case, reference marker R 1 may be a magnetic

tracker, receiver (sensor). In this latter case, the emitter is in a box fixed to an articulated

arm or it is fixed also on the skin of the patient, such box being manipulated by the

radiologist to correctly position the emitter in a relative position not far from the tracker. In

both cases, the navigation method will be exactly the same.

A first 3D image of the patient is acquired with a large field of view. The images

are transferred to the computer system of the navigation station. The software fully

automatically searches for the geometry of reference marker R 1 in the images.

In case reference marker R 1 is not detected in the images, it means that the

images have been done without any hybrid referential system i.e. it suggests that there is

no new patient in the CT scan gantry. This is possible in case the radiologist has loaded

diagnostic images of the patient. In this case, the navigation process will be done in an

arbitrary referential. This process allows a fast and accurate examination of the patient's

anatomy with an instrument like a 3D mouse or directly a phantom of the instrument, like a

pen, equipped with a tracker. It also allows anticipating the fact that a target is reachable

or not. Up to date, to check if a target region to be treated can be reached, the radiologist

works in 2D on axial images of the patient. While comparing the current standard process



for patient's anatomy examination and the process our innovation provides, the advantage

is quickly seen. In this case, one refers to virtual navigation.

In case reference marker R 1 is detected in the images, then all dimensions and

geometry are checked to ensure that it is really reference marker R 1. Reference marker

R 1 being detected, the registration process may be performed: the transform matrix

between R 1 coordinate system and the CT images coordinate system is determined by

using standard registration methods between geometric features.

A magnetic tracker 6 is then fixed on an instrument 5 that allows drawing of an

entry point on the patient skin, such instrument being also called a pointer. The pointer is

navigated with regards to R 1 using the magnetic trackers. Combining magnetic

localisation and registration process, the pointer can be displayed in the images of the

patient, on a so called navigation image which is displayed by the display unit 9 .

The pointer 5 is a kind of navigated pen or template that allows the radiologist to

find the best trajectory in order to reach the anatomical target region and the entry point

on the skin of the patient. When the entry point is determined, then the radiologist can

draw a sign on the skin of the patient to mark the entry point such as a dot point, a cross

hair or a circle. During this step, the software computes and displays, for example, two

slides passing through the instrument axis in real-time or a 3D view of the patient anatomy

with a projection of the instrument, like in any surgical navigation system.

At the end of this first step, the radiologist has found and saved in the computer

the best trajectory to reach the anatomical target. To save the trajectory in the computer

can be done with a touch screen, or a footswitch or a manual control. During all the further

steps it will be possible to save another trajectory. The last saved trajectory will always be

displayed, so that the radiologist can always remember the last trajectory that has been

saved and can use it as a reference.

Further, the radiologist has made a mark on the skin of the patient to know and

remember the entry point. In case the patient is not correctly positioned on the imaging

system table, the radiologist can then change the patient position so that the trajectory

becomes more accessible and the surgical gesture becomes more comfortable.

The subsequent step consists in providing a second reference marker in the

vicinity of the entry point which has been determined through the navigation of the pointer

in first hybrid referential system R 1 (see figure 3). Such second reference marker 16 will

be preferably used for navigating the surgical tool as is explained after.

In this step, the radiologist prepares the sterilization. It is done by spreading the

skin of the patient with sterile liquid around the entry point and using a sterile drape with

an open space. The first hybrid referential system R 1 will be under the sterile drape as it



has not been disposed in a zone around the alleged entry point. The radiologist also

becomes sterile by changing his clothes, washing his hand and using gloves.

Then, the radiologist fixes on the skin of the patient a new hybrid referential

system R2 (second reference marker 16) close to the entry point of the instrument before

any control imaging process. Contrary to first reference marker R 1 that was non sterile,

second reference marker R2 has to be sterile since it will be fixed in the sterile field. The

hybrid reference marker can be made sterile by simply inserting it within a sterile cover, or

by sterilizing said reference marker with standard techniques of sterilization.

Second reference marker R2 may have the same structure of first reference

marker R 1 with slightly modified distances. It can namely be used as an emitter or a

receiver. It can contain hollow tubes or tubes with twofold density materials.

Similarly to the first reference marker R 1 , when second reference marker R2 is

detected in the images, then the registration process may be performed: the transform

matrix between R2 coordinate system and the CT images coordinate system being

determined, in order to map data from the localizing and the imaging systems together,

and eventually construct a navigation image.

As the second reference marker R2 is disposed closer to the entry point, it will be

located closer to the navigated instrument that is provided with a magnetic marker, which

enables a more accurate navigation. Indeed, the magnetic localization is more precise

since the second hybrid referential R2 and the surgical tool are close to each other, and

the distance between them is smaller compared to the distance between the operating

table and any of both magnetic trackers, which reduces possible artefacts. Indeed, the

recommendation from several magnetic localizing systems manufacturers is to have a

distance between the emitter and receiver five times less than the distance between

emitter/receiver and metallic objects that generate artefacts. Further, the second patient

referential R2 follows more precisely the motion of organs that can be due to breathing for

example since it is likely to be the closest to the organs that are targeted.

The navigation process has now been fully prepared, and the practitioner can

begin the intervention with the necessary surgical instrument, said instrument being

navigated with the improved navigation device of the invention as illustrated in figure 4 .

A magnetic tracker 11 is fixed on the surgical instrument 13 so that the surgical

instrument may be detected by the localizing system. As the intervention is made under

sterile conditions, the magnetic tracker 11 is sterilized, or inserted within a sterile cover

12, and fixed with a sterile connection to the sterile instrument 13.

The surgical instrument can be different depending on the medical indication and

the intervention to perform. It can be a needle, a needle guide, a troccard or any other



linear instrument. In any case, the instrument diameters can be different and usually

range from 1 mm to 6 mm.

In case the instrument is a guide, only the axis of the needle introduced in the

guide will be navigated. The depth penetration of the needle is monitored using the marks

drawn on the needle (a scale is usually written on standard instrument to measure the

depth penetration) and the images displayed by the navigation system are used to

measure the planned distance between the skin and the target. Measuring the position of

a guide has the advantage that the magnetic emitters and receivers remain close to each

other which is not the case if a miniature sensor is fixed to the needle tip since the latter

will be closer and closer from the table during a deep insertion.

By using the navigation device described, the radiologist can monitor the position

and orientation of the instrument using the navigation images displayed on the screen,

and he can thus start to introduce the instrument.

As the second reference marker R2 is fixed on the skin of the patient in the vicinity

of the entry point, the imaging process can be performed on a smaller volume than during

diagnostic imaging process as the region of interest is known and the radiologist has only

to focus on the surgical instrument and the target. This allows decreasing patient

exposure to X-rays.

Once the navigation system receives new images of the patient, they are loaded

and the system searches if the first reference marker R 1 and/or the second reference

marker R2 are visible in the images.

To distinguish the first reference marker R 1 from the second reference marker R2,

the geometric markers are different in the first reference marker R 1 and in the second

reference marker R2 (difference can be done by number of visible components, angles

between tubes, geometry, diameter of tubes, spheres or cylinders....).

In case the second reference marker R2 is visible in the images, whatever if the

first reference marker R 1 is visible or not, then the surgical tool is navigated with respect

to the second hybrid referential systems R2. The spatial data being more accurate when

using the second reference marker R2, then the navigation method has an increased

precision. The radiologist now benefits from the most accurate information given by the

navigation system.

In case only the first reference marker R 1 is visible in images, as may for example

be the case if there is a failure in the operation of the second reference marker R2, or if

the user has decided that the accuracy would be sufficient with the use of only R 1, then

the surgical tool is navigated with respect to the first hybrid referential system R 1.

Consequently, the surgical tool may still be navigated, even if the navigation is not as

precise as with respect to the second reference marker R2.



As illustrated in figure 13, in case the anatomical organs 5 1 are mobile under the

influence of the patient's breathing or if the target 52 is small or difficult to reach, the

radiologist can freely iterates between instrument introduction and control imaging

process. As a result, the practitioner will be able to accurately check the position of the

instrument during its progression since the instrument is visible as a trace 55 in the

volume of images 50, which is a 3D curve in theory but mostly contained in an image

plane 53. During the navigation with the navigation device, the real instrument trajectory

55 (visible in images) should perfectly fit with the virtual position 54 of the instrument

displayed by the navigation system.

If a small offset exists, for any kind of reasons (for example, patient breathing or

system inaccuracy), the navigation system software will compute this offset thanks to an

image processing technique. For example, the software can search for and detect a linear

or curvilinear tool 55 in images close to the last navigated position of the instrument. Since

needles are usually made of metals, this operation can be performed by applying a

threshold on the images and searching for long and thin aggregations of voxels. Standard

mathematical morphology tools well know in image processing can be used. The software

will then automatically compute a correction matrix 56 to register the virtual position of the

instrument 54 to its real position 55 detected on the images. A correction matrix that is a

transform matrix made of 3 rotations and 3 translations is computed that creates a best-fit

coincidence between the theoretical position of the needle and the real needle

approximated by a line segment 57 in its terminal part which is detected in CT images. All

the degrees of freedom of this matrix are not perfectly fixed, since the registration of a line

to a line solves only 4 degrees among the 6 degrees of a transform matrix.

The computer may then arbitrary set the last two free degrees of freedom to zero;

knowing this will have no impact on the accuracy as the first degree is around the axis of

the instrument and that the second is the translation along the axis of the instrument. The

correction matrix is then applied during all the next steps of navigation until new patient

images processing is done. This correction process can be used for patient registration in

interventional radiology when only one reference marker is used. This occurs when good

a priori information is known about the entry point of the needle such that the reference

marker can be placed in its vicinity at the beginning of the intervention. It offers the

advantage of an accurate detection and registration after the CT control images have

been acquired. It makes full use of the most updated images that are usually acquired for

control and check, and it takes into account all parameters of deformation that cannot be

known by simple rigid models of the transform between the reference marker and the

patient images.



As seen above, the navigation method of the invention includes different steps.

Figures 5 and 6 are diagrams illustrating those different steps of the navigation method.

It is important to note that the choice between the different steps is done

automatically depending on the result of the automatic detection of the hybrid referential

system.

Thanks to this automatic detection of hybrid referential system, there is no need for

human interaction to select what has to be done by the navigation system. It means that

the navigation system is automatically adapted to what the user wants to do. The full

process can thus be performed with zero interaction between the user and the user

interface of the system.

The ability to have a full automatic navigation method is very important and leads

to several advantages:

Reduction of the human-machine interaction;

Facilitation of the use of navigation;

- Reduction of the learning curve;

Opening interventional treatments to non-experimented users;

Elimination of the user's error;

No constraint for the user of the way to use the navigation device;

Navigation becomes an intelligent and adapted assistant tool in order to reach the

optimal accuracy.

More generally, one important particularity of our invention is that our method does

not need the user input in any step of the protocol, and this not only in the selection of the

best hybrid referential system to use.

The idea is that our algorithm selects default choices in the computer memory and

applies those choices, instead of having the user to interact with the system to answer

questions like YES or NO, or select an image in a list for instance, or also select the next

step in a list of possibilities.

At the very first step of our system, once the system has been switched on and a

connexion has been set up with the CT imaging device through a standard Ethernet port

for instance, the software is automatically launched. If several software applications run

on the system, this is accomplished by providing an electronic key, such as a Smart Card

or a USB key that launches the desired application. Then the software starts waiting for

DICOM images to arrive on the system. Once images are detected, the system optionally

checks that they come from the CT imaging device that is referenced, and those new

images are immediately loaded in the memory of the computer, erasing previous images

without asking to the user if those images are the one he/she wants.



The automatic protocol is the default mode but the user can still have the

possibility to take the control back. For instance, if the new images are not correct, then

the user can touch a button on the screen of the system and retrieve the old images using

a variety of menus.

As already detailed, once the images are loaded in the memory of the computer,

the software launches automatically a process to search for hybrid referential systems R 1

and R2. Based on the results of the search, the software selects the next step

automatically using the algorithm detailed above.

In addition, preselected options of the user can be stored in the computer memory

or in the electronic card that launches the application so that they are applied

automatically without selecting them again. Those options are for instance the type of

visualization mode preferred by the user during navigation. It can be one window image

only, two windows, or a three-dimensional view, or two planar images displayed in a 3D

scene with a perspective mode, and a variety of other modes, or any combination.

Once the protocol has been completed, that is after the end of the procedure, the

user interacts with the system to press the exit button in order to switch off the system

properly.

Note that this fully automated algorithm works also if there is only one hybrid

referential system used.

As mentioned above, the surgical instrument to navigate is attached to a tracker to

be detected by the localizing system.

The instrument would be preferably implemented by using a connecting device as

shown in figure 7 , such connecting device enabling a secured fixation of the tracker on the

surgical instrument.

This connecting device is advantageous as it is in particular adaptable to all

instruments with a diameter ranging from 1 to 6 mm and has an axis position which is

identical with an error which is less than 1 mm.

The connecting device is composed of two articulated arms (20a and 20b)

connected by a base (22) which supports the tracker connection interface (23) with which

the tracker (25) can be connected. This interface will be further referred to as tracker slot.

Note that the articulation between the arms and the base can either be achieved by

means of an axis or with a flexible area (alls parts being a single one in this embodiment).

The connecting device is maintained in position on the instrument (24) by mean of

a clamping mechanism composed of two grooves facing each other (21a and 2 1b). The

device incorporates a spring that applies a force to the instrument so that there is no play

left when the clamp is released by the user.



The device is designed so that the two articulated arms move in a symmetrical

manner relatively to the base. This can be achieved either with gears on each arms

engaging each other or simply by having two identical loaded springs on each arm. These

identical springs will make sure that when the device is clamped its balance position will

be symmetrical.

This symmetrical movement disposition makes sure that the instrument axis (24)

position does not change relatively to the tracker slot when the instrument diameter

changes.

As illustrated on figure 8 , the connecting device creates a sliding pivot link

between a tracker (32) and a navigated instrument (31 ) . While the device is mounted, the

instrument is still able to slide (35) and rotate (34) along its main axis relatively to the

connecting device if a slight pressure is applied by the user. This link can be destroyed at

anytime by simply removing the connecting device from the navigated instrument. If no

pressure is applied, the navigated instrument remains fixed to the connecting device.

As illustrated on figure 9 , the connecting device is designed and built in so that the

relation between the tracker (32) and the axis position and orientation of the instrument

(31 ) is perfectly known within the tracker reference (33). More importantly, the clamping

mechanism ensures that the same position is obtained each time the instrument is

removed and replaced into the device.

As illustrated in figure 10, the tracker (42) can, in another embodiment, be

provided as a separate element from the connecting device. The connecting device then

incorporates two reproducible clamping fixations: one for the tracker and one for the

navigated instrument. The clamping mechanism for the tracker creates a full link, without

any degree of freedom left. The device is then built in such a way that the instrument axis

position and orientation (41 ) is precisely known relatively to the tracker connection

interface (42).

The connecting device can be used for tracking a needle in interventional

radiology when only one reference marker is used. This occurs when good a priori

information is known about the entry point of the needle such that the reference marker

can be placed in its vicinity at the beginning of the intervention.

The reader will have understood that many modifications may be made without

going beyond the new information and the advantages described herein. Consequently,

all modifications of this type shall be within the scope of the navigation method ad device

described here.



CLAIMS

1. A method of navigation of a tool to be used in a surgical intervention for treating a

target region within the body of a patient, characterised in that it comprises the following

steps for preparing the navigation:

Detecting the image position of a first reference marker disposed on the body of

the patient by an image system, and detecting the spatial position of said first

reference marker by a localizing system,

Calculating a first transform matrix between the image coordinate system of the

imaging system and the spatial coordinate system associated with the first

reference marker by using detected image and spatial positions of the first

reference, in order to register data of the localizing system and imaging system

together,

Detecting the spatial position of a pointer by the localizing system,

- Constructing and displaying a navigation image, wherein a representation of the

spatial position of the pointer is displayed on image data from the imaging system

using the first transform matrix,

Detecting the image position and spatial position of a second reference marker

disposed under sterile conditions on the body of the patient in the vicinity of an

entry point, said entry point being determined by using the representation of the

pointer in the navigation image and corresponding to a point through which the tool

should be inserted for reaching the target region,

Calculating a second transform matrix between the image coordinate system of

the imaging system and the spatial coordinate system associated with the second

reference marker by using detected image and spatial positions of the second

reference, in order to register data of the localizing system and imaging system

together.

2 . A method of navigation of a tool to be used in a surgical operation for treating a

target region within the body of a patient, characterised in that it comprises the following

steps for preparing the navigation:

Disposing a first reference marker on the body of the patient,

Detecting the image position of said first reference marker by an image system,

and detecting the spatial position of said first reference marker by a localizing

system,

- Calculating a first transform matrix between the image coordinate system of the

imaging system and the spatial coordinate system associated with the first

reference marker by using detected image and spatial positions of the first

reference, in order to register data of the localizing and imaging systems together,



Detecting the spatial position of a pointer by the localizing system,

Constructing and displaying a navigation image, wherein a representation of the

spatial position of the pointer is displayed on image data from the imaging system

using the first transform matrix,

- Determining an entry point through which the tool should be inserted for reaching

the target region by using the representation of the pointer in the navigation image,

Disposing a second reference marker under sterile conditions on the body of the

patient in the vicinity of the entry point,

Detecting the image position and spatial position of said second reference marker,

- Calculating a second transform matrix between the image coordinate system of

the imaging system and the spatial coordinate system associated with the second

reference marker by using detected image and spatial positions of the second

reference, in order to register data of the localizing and imaging systems together.

3 . The method of any one of claims 1 or 2 , further comprising the step of imaging a

zone of the body of the patient with the imaging system to get image data of the zone,

said zone including the entry point.

4 . The method of claim 3 , further comprising the step of searching for the presence of

the first and second reference markers on the image data of the imaged zone, and

in case the second reference marker is present on the image data of the imaged

zone, then constructing a navigation image wherein registration of the data of the

localizing systems together with image data of the imaged zone is performed by

using the second transform matrix,

in case the first reference marker is present on the image data of the imaged zone

whereas the second reference marker is not present, then constructing a

navigation image wherein registration of the data of the localizing systems together

with image data of the imaged zone is performed by using the first transform

matrix.

5 . The method of claim 4 , further comprising the steps of searching for the presence of

the tool with the localizing system, and in case the tool is present,

- determining the spatial position of the tool, and

constructing and displaying a navigation image, wherein a representation of the

spatial position of the tool is displayed on the image data from the imaged zone.

6 . The method of claim 5 , wherein in case the tool is present, it further comprises the

step of searching for the presence of the pointer with the localizing system, and in case

the pointer is present,

- determining the spatial position of the pointer, and

constructing and displaying a navigation image, wherein a representation of the

spatial position of the tool is displayed on the image data from the imaged zone.



7 . The method of any of claims 5 to 6 , comprising correcting the navigation data, said

correction comprising the steps of:

searching for the presence of linear shapes on the image data of the imaged zone,

selecting the linear shape having the nearest position from the position of the tool

on the navigation image,

compute a correction matrix to make the position of the tool on the navigation

image correspond to the position of the selected linear shape, and

apply said correction matrix to the construction of further navigation images.

8 . The method of any of claims 3 to 7 , wherein the step of imaging a zone of the body

of the patient is regularly and automatically performed, and wherein the subsequent steps

are performed using the last image data of the imaged zone.

9 . The method of any of claims 1 to 8 , wherein the localizing system is based on

magnetic detection and the imaging system is based on X-ray detection.

10. A navigation device for performing the method of navigation of claims 1 to 9 ,

characterised in that it comprises:

an imaging system for providing image data relative to the patient,

a localizing system for providing spatial data,

a computer system for processing the image data and spatial data from the

imaging system and localizing system respectively,

- at least a first reference marker and a second reference marker adapted to be

detected by both the imaging and localizing systems, wherein the second

reference marker is sterile.

11. The device of claim 10 , wherein the localizing system is a magnetic tracking system.

12. The device of claim 11, wherein each of the reference markers comprises:

- a magnetic element having at least two coils arranged in a manner to define at

least two vectors in the coordinate system of the magnetic tracking system;

a geometric element comprising components visible on image data of the imaging

system and having a unique geometry detectable by the imaging system.

13. The device of claim 12, wherein the reference markers comprise magnetic elements

having coils arranged in a different manner, and geometric elements having components

of different shapes and/or arranged in a different manner.

14. The device of any of claims 11 to 13, wherein the magnetic tracking system

comprises at least an emitter for emitting an electromagnetic field.

15. The device of claim 14 taken in combination with any of claim 12 or 13, wherein the

emitter is the magnetic element of the first reference marker and/ or the magnetic element

of the second reference marker.

16. The device of any of claims 10 to 15, further comprising tracking elements adapted

to be arranged on the pointer and/or on the tool to be used in the surgical operation for



treating the target region within the body of a patient, such tracking elements being

adapted to be detected by the tracking system.

17. The device of claim 16, wherein the tracking elements are connected to the pointer

and/or the tool with a connecting device, said connecting device comprising means for

fixing pointers and/or tools of different diameters always along the same axis.

18. The device of any of claims 16 or 17, wherein the tracking elements are connected

to the pointer and/or the tool with a connecting device, said connecting device comprising

clamping means for fixing the pointer and/or the tool on said connecting device, said

clamping means being adapted for allowing the pointer and/or the tool to slide relative to

the connecting device on application of a pressure on said clamping means.

19. The device of any of claims 10 to 18, wherein the imaging system is a Computed

Tomography (CT) imaging system.
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